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(54) Abstract Title 

Cascode, differential and cross coupled VCO wfth reduced noise 

(57) A Voltage Controlled Oscillator circuit has a resonant tank circuit 130 and a differential pair of transistors 
110, 120 coupled to drive the tank circuit. A differential cascode pair 140, 150 is provided, coupled between the 
differential pair and the tank circuit. A differential feedback path Is also provided, which is cross-coupled from 
the tank circuit to drive the differential pair. Base terminals of the cascode pair are AC cross-coupled with 
respect to the differential pair such that AC base currents of the differential pair and the cascode pair are 
cross-compensated. This is said to improve noise performance. 
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At least one drawing originally filed was informal and the prim reproduced here is tal^en from a later filed formal copy. 
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VOLTAGE CONTROLLED OSCILLATOR CIRCUIT 

FiieM of thg favginitiQn 

This invention relates to Voltage Controlled Oscillator (VCO) circuits and 
particularly but not exclusively to VCO's with resonator circuits. 

Background of the Invfintinn 

VCO's with L-C resonator (or tank) circuits are used in many mixer- 
osdllator applications such as terrestrial and satellite television receivers, 
wireless communications and the like. 

An example of such a VCO is shown in FIG. 1, which depicts a prior art 
emitter-coupled oscillator 5, having first and second emitter-coupled 
transistors 10 and 20 respectively coupled via their collector terminals to 
two terminals of a tank circuit 30. First and second feedback paths 40 and 
50 respectively are cross-coupled between the two terminals of the tank 
drctait 30 and base terminals of the first and second transistors 10 and 20 
respectively. The emitter terminals of the first and second transistors 10 
and 2ax&spectiyely are coupled to a current source 60. A bias voltage is 
applied to the base terminals of the first and second transistors 10 and 20 
via first and second biasing resistors 15 and 25 respectively. 

The circuit of FIG. 1 allows a reasonably high amplitude of oscillation, but 
suffers firom a low effective quality factor (as load effects increase the 
effective resistance of the circuit), and from phase perturbation, caused by 
base currents associated with the capacitive couplings. Furthermore, the 
first and second emitter-follower transistors 10 and 20 give rise to the 
unwanted effects of a large noise factor and open loop phase error. 

Other circuits such as a cascode arrangement are known, which provide 
advantages over the circuit of FIG. 1 in terms of the quality factor. 
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However, such circuits again suffer from open loop phase error, noise 
contribution due to the additional transistors in the feedback paths 
(increasing the phase noise) and increased power consumption. 

5 This invention seeks to provide a VCO circuit which mitigates the above 
mentioned disadvantages- 

Summary of the Invention 

10 

According to the present invention there is provided a VCO circuit, 
comprising: a resonant tank circuit; a differential pair of transistors, 
coupled to drive the tank circuit; a differential cascode pair, coupled 
between the differential pair and the tank circuit, the cascode pair having 
15 base terminals and, a differential feedback path, cross-coupled from the 
tank circuit to drive the differential pair, wherein the base terminals of the 
cascode pair are AC cross-coupled with respect to the differential pair such 
that AC base currents of the diflferential pair and the cascode pair are 
cross-compensated. 

20 

PreferaUg^the differential feedback path includes first DC blocking 
capacitors. The base terminals of the diflferential cascode are preferably AC 
cross-coupled to the differential pair by means of second DC blocking 
capacitors, such that the cascodes act as diodes for the AC signal. 

25 

Preferably the VCO circuit further comprises biasing resistors coupled to 
bias the base terminals of the cascode pair, and preferably also further 
comprises an output amplifier comprising a supplementary differential 
pair and a supplementary cascode, each coupled to the diflferential pair and 
30 the cascode respectively, for providing a diflferential amplified output. 

The supplementary diflferential pair and the supplementary cascode are 
preferably coupled to the diflferential pair and the cascode via their base 
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terminals respectively. Preferably the differential amplified output is 
provided at collector terminals of the supplementary cascode. 

In this way a low phase noise and low power VCO circuit is provided by 
5 having a good effective quality factor (increased input and output 
impedances of the amplifier), low noise figure of the amplifier (no 
additional transistor in the feedback paths), reduced open loop phase error 
(negligible time delay in the feedbadc paths) and hi^ amplitude of 
oscillation. 

10 

Brief Descriptinn ^;he Drawinf rt^ 

An exemplary embodiment of the invention will now be described witJi 
15 reference to the drawing in which: 

FIG.l shows a prior art VCO circuit; and 

FIG. 2 shows a preferred embodiment of a VCO circuit in accordance with 
20 the invention. 



Detailed Descrintion of a Preferr« ^ Embodiment 

25 Referring to FIG. 2, there is shown a VCO circtdt 100, having first and 
second cascode two-transistor subcircuit of transistors 105 and 115 
respectively, coupled to a terminals of a tank circuit 130. 

The first cascode two-transistor subcircuit 105 has a first transistor 110, 
30 which has an emitter terminal coupled to a current source 160, a base 
terminal coupled to a first voltage bias VBIASl via a first biasing resistor 
115, and a collector terminal to be fiuther described below. The first 
cascode pair 105 also has a second transistor 140, which has an emitter 
terminal coupled to the collector terminal of the first transistor 110, a base 
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terminal coupled to a second voltage bias VBIAS2 via a second biasing 
resistor 145, and a collector terminal coupled to a first terminal of tlie tank 
circuit 130. 

5 The second cascode two-transistor subdrcuit 116 has a third transistor 120, 
which has an emitter terminal coupled to the current source 160, a base 
terminal coupled to the first voltage bias VBIASl via a third biasing resistor 
125, and a collector terminal to be fiirther described below. The second 
cascode pair 115 also has a fourth transistor 150, which has an emitter 

10 terminal coupled to the collector terminal of the third transistor 120, a base 
terminal coupled to the second voltage bias VBIAS2 via a fourth biasing 
resistor 155, and a collector terminal coupled to a second terminal of the 
tank circuit 130. 

15 In this way the first and third transistors 110 and 120 respectively, form a 
differential pair which drive the tank circuit 130, and the second and fourth 
transistors 140 and 150 form a differential cascode pair, which act as 
cascodes with respect to the differential pair (transistors 110 and 120). 

20 A first feedback path is formed between the first terminal of the tank circuit 
130 and^ base terminal of the third transistor 120 via a first node 160. A 
first DC blocking capacitor 162 is coupled between the first terminal of the 
tank circuit and the first node 160. The first node 160 is also coupled to the 
base terminal of the second transistor 140 via a second DC blocking 

25 capacitor 165. 

A second feedbad^ path is formed between the second terminal of the tank 
circuit 130 and the base terminal of the first transistor 110 via a second node 
170. A third DC blocking capadtor 172 is coupled between the second 
30 terminal of the tank drcuit and the second node 170. The second node 170 is 
also coupled to the base terminal of the fourth transistor 150 via a fourth DC 
blocking capadtor 175. 



In this way the first and second feedback paths form a cross-coupled 
differential feedback path to the differential pair (transistors 110 and 120), 
and the cascode pair (transistors 140 and 150) are AC cross-coupled with 
respect to the differential pair (transistors 110 and 120). 

In operation, the oscillation frequency is set by inductive and capacitive 
values of the tuned tank circuit. Voltage variable capacitors (WCs) or 
varactors provide tuning of the tank circuit 30. The ratio of the maximum 
to minimum total capacitance associated with the WC and all the 
parasitic capacitances connected to the tank circuit set the tuning 
frequency range of the VCO 100. 

The centre frequency of the VCO 100 is controlled by a DC voltage connected 
to VTUNE which modulate the total capacitance value of the tank circuit 30. 

The differential pair made by transistors 110, 120, the current source 160 
and the tank circuit 30 provide the necessary gain and limiting conditions 
for stale oscillation of the VCO 100. 

It is noted that an AC coupling achieved by way of a capacitor and separate 
cxirrentjources may be preferred to the DC coupling in the differential pair 
between the emitters of transistors 110 and 120 to provide rejection of low 
frequency spurious signals and low frequency noise from the current 
soiirces and ensure oscillation in the frequency range of the VCO 100. In 
addition, the oscillation amplitude may be set by an automatic gain control 
circuit (AGO to remove AM components and low frequency modulation of 
the bias voltage controlling the current sources. 

The AC base and collector voltages of the second transistor 140 and fourth 
transistor 150 are approximately equal. These transistors 140 and 150 act 
as diodes at the oscillation frequency and cascodes for low frequencies. 
Since the noise contribution of the cascodes can be neglected, these 
transistors can be relatively small compared to the first transistor 100 and 
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third transistor 120. This serves to reduce the parasitic capadtances on the 
tank circuit 30 and improve the tuning frequency rai^. 



The capacitive couplings associated with the first and second feedback 
5 paths allow high amplitude oscillation on the tank circuit 30. 

Furthermore, the AC base currents of the differential pair made by 
transistors 110 and 120 flowing through the third and first capacitors 172 
and 162 are compensated at nodes 170 and 160 respectively by the AC base 
ciurents of transistor 150 and transistor 140 flowing through capacitor 175 
10 and capacitor 165 respectively. Therefore, the AC base currents in the 

positive feedback paths made by capacitors 162 and 172 are reduced, giving 
rise to a low drcuit noise factor. 

In this way the cross-coupled arrangement, the differential pair, the 
15 cascode pair and the feedback paths reduce the phase noise by reducing the 
noise contribution of the base currents of the differential pair in the 
feedback paths. 

It will be appreciated that alternative embodiments to the one described 
20 above are possible. For example, an output amplifier comprising a 
. . supplementai7.<Ufferential pair and a supplementary cascode could be 
coupled to the differential pair and the cascode respectively, for providing a 
differential amplified output. In such an arrangement the supplementary 
differential pair and the supplementary cascode would be coupled to the 
25 differential pair and the cascode via their base terminals respectively, and 
the differential amplified output would be provided at collector terminals of 
the supplementary cascode. 

In this way the tank circuit 130 would not need to be provided with an 
30 output to derive the oscillations, but these may instead be sensed from the 
output amplifier. 



Claims 



1. A VCO circuit, comprising: 
a resonant tank circuit; 

a differential pair of transistors, coupled to drive the tank circuit; 

a differential cascode pair, coupled between the differential pair and the 

tank circuit, the cascode pair having base terminals and, 

a differential feedback path, cross-coupled from the tank circuit to drive the 

differential pair, 

wherein the base terminals of the cascode pair are AC cross-coupled with 
respect to the differential pair such that AC base currents of the differentifd 
pair and the cascode pair are cross-compensated. 

2. The VCO circuit as set forth in claim 1 wherein the differential feedback 
path includes first DC blocking capacitors. 

3. The VCO circuit as set forth in claim 1 or claim 2 wherein the base 
terminals of the differential cascode are AC cross-coupled to the differential 
pair by means of second DC blocking capacitors, such that the cascodes act 
as di0j|gg_g>r the _AC signal. 

4. The VCO circuit as set forth in any preceding claim further comprising 
biasing resistors coupled to bias the base terminals of the cascode pair. 

5. The VCO circuit as set forth in any preceding claim further comprising 
an output amplifier comprising a supplementary differential pair and a 
supplementary cascode, each coupled to the differential pair and the 
cascode respectively, for providing a differential amplified output. 

6. The VCO circuit as set forth in claim 5, wherein the supplementary 
differential pair and the supplementary cascode are coupled to the 
differential pair and the cascode via their base terminals respectively. 
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7. The VCO circuit as set fortii in claim 5, wherein the differential 
amplified output is provided at collector terminals of the supplementary 
cascode. 

8. A VCO circuit substantially as hweinbefore described and with reference 
to the circuit of FIG. 2. 



